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TITLE OF THF TNVFNTTON 



WEIGHT CONTROL USING AN ANTI-LIPASE ANTIBODY 



BACKGROUND OF THE INVENTION 



1. Field of the Invention 

A method for regulating body weight by adding to food a liposome-encapsulated 
immunoglobulin against lipase. 

2. Background of the Invention 

The bulk of dietary lipid is triacylglycerol. In the gastrointestinal tract a portion is 
hydrolized to fatty acids and glycerol by lipases. The present invention relates to a method for 
decreasing the amount of body weight normally gained after eating food by administering 
liposome-encapsulated immunoglobulins against lipase, including polyclonal antibodies, 
monoclonal antibodies and genetically engineered fragments thereof. 

Lipases are commercially available. They are obtained from a variety of natural 
sources including the pancreas and a number of bacteria, e.g., Candida rugosa, 
Chromobacterium and species of Pseudomonas. 

The production of anti-lipase antibodies can be accomplished by injecting animals, 
such as rodents or rabbits, with lipase and collecting the blood serum, which contains the 
antibody. However, this procedure is costly and invasive. 

A general method for producing antibodies which is non-invasive and more 
economical is known. It has been observed that eggs contain 50-150 mg of various 
antibodies. When a hen is injected with a particular antigen, 10-20% of the antibody isolated 
from the eggs are specific to that antigen. Losch et al, J. Vet. Med. B. 33:609-619 (1986); 
Gassmann et al, Faseb J. 4:2528-2532 (1990). Chicken antibodies can be protected from 
stomach acidity and pepsin hydrolysis by encapsulating them within liposomes Shimuzu et 
al, Biosci. Biotech. Biochem. 57:1445-1449 (1993). 



ST IMMARY OF THE TNVRNTTON 
The invention provides a method for regulating the body weight of an animal by 
including in its food an effective amount of a liposome-encapsulated immunoglobulin against 
lipase. The stability of the immunoglobulin in the digestive tract is increased by 
encapsulating it in liposomes. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
The amount of body weight an animal gains as a result of eating food can be 
decreased by including in its diet encapsulated antibodies produced using a lipase as the 
antigen. Lipases are commercially available from the Sigma company, which sells lipases 
obtained from C rugosa, human pancreas, M javanicus, porcine pancreas, P. cepacia, and 
species of pseudomonas . 

Polyclonal antibodies can be produced in hen eggs using the following general 
procedure. Hens of about 17 weeks of age are injected with 0.1 to 2.0 mg of the antigen. The 
innoculum is prepared by dissolving the lipase in phosphate buffered saline and Freund's 
adjuvant. The antigen preparation is injected intramuscularly into two sites, 0.1 to 1.0 ml in 
each (right and left) pectoralis muscle. A second injection can be administered five to six 
weeks following the initial injection, using incomplete Freund's adjuvant. Hens are generally 
reinjected with the antigen preparation every two months or when the antibody titer is 
determined to be low. Antibody titer is conveniently determined by ELISA (enzyme linked 
immunoassay) methods. Eggs containing the specific antibody can be collected one week 
after the second injection. If the hens are injected with antigen three times, the average yield 
of anti-lipase in the eggs increases. 

The antibodies can be purified according to the method of K wan et al , J. Food Sci 
56:1536-1541 (1991). Briefly, one volume of egg yolk is mixed with nine volumes of 
distilled water and left to sit overnight at 4°C. Then the aqueous portion is centiifiiged at 
4000 rpm for 10 minutes, and filtered through a cheese cloth to remove any excess fat. The 
liquid is frozen and freeze dried. After freeze drying, the antibody can be heat treated (1 hour 
at 50°- 70°C) to improve stability. Antibody activity can be determined by an ELISA, 
preferably after adjusting the protein concentration in the egg extract to 1 mg/ml as 
determined by the Bradford procedure. 



The procedure for ELISA is as follows: 

1 . Plates are coated with 100 $A lipase solution (10 //g/ml) in carbonate buffer and 
incubated at 4°C overnight prior to blocking with 1.5% bovine serum albumine for four 
hours at room temperature. 

2. 100 \A of the 1 mg protein/ml egg extract is added to each well and the plates 
incubated at room temperature for 30 minutes. 

3. Plates are washed with PBS-Tween 20 solution. 100 fA of 1 :20,000 dilution of 
rabbit anti-chick IgG, conjugated to horseradish peroxidase, is added to each well. The plate 
is incubated at room temperature for 30 minutes. The exact enzyme-antibody conjugate 
concentration can be determined with a checkerboard titration. 

4. Plates are washed with the PBS-Tween and lOOyul of TBM substrate is added to 
each well. The plates are incubated at room temperature for 15 minutes. 

5. The reaction is stopped with 100 /^l of 2 M sulfuric acid. 

6. Plates are read at 455 nm in an ELISA plate reader. 

7. Titer is determined as the inverse of the last dilution in which optical density of the 
immunized egg was similar to the un-immunized control (O.D. < 0.100). 

Spray-dried eggs containing lipase-specific antibodies can be prepared using the 
following spray drying parameters: inlet temperatures/outlet temperatures 140°C/170°C, 
blower at 50% capacity, compressor at 75% and pump at 30% capacity (Virtis Spray Dryer). 
In order to sterilize and improve the stability of the antibody, thereby increasing shelf life, 
spray dried eggs can be incubated at 60 °C for seven days. 

In general, the amount of anti-lipase antibody added to the food is 25-1000 mg/kg, 
preferably 50-800 mg/kg. The amount of food which constitutes a maintenance diet can 
thereby be increased. The present invention provides decreased b ody weight gain per unit of 
food compared to when animals eat the same food without a liposome-encapsulated 
immunoglobulin against lipase. 

Animals who's weight can be controlled include mammals, avians and any animal 
having a pancreas or that secrets lipase. Suitable mammals include humans, rats, feedlot 
animals such as pigs and cows, and household pets, such as dogs, cats, and horses. Suitable 
avians include chickens, turkeys, ducks, parrots and parakeets. 



Example 1 

Antibodies against lipase from human pancrease (Sigma) was raised in leghorn hens 
as described above and harvested from their egg yolks. The lipase (2 mg; 250 units of 
activity per mg protein) was dissolved in 0.1 molar tris containing 0. 1 molar sodium chloride 
and a serine protease inhibitor Sigma L-9780, then suspended in 0.2 ml phosphate buffer and 
emulsified with 0.2 ml of Freund's Complete adjuvant. This suspension was injected in each 
side of the breast. A second injection was performed two weeks later. Eggs were collected a 
week after the second injection. 

Example 2 

Antibodies may become inactive when encountering the acidity of the stomach. This 
example demonstrates the encapsulation of anti-lipase antibodies by liposomes. Chicken 
antibodies (10 mg in 2 ml water) were encapsulated by mixing the antibody solution with 2 
ml of diluted water containing 100 to 300 yumol of a mixture of egg lecithin/cholesterol 
liposomes, using the dehydration-rehydration method of Shimizu et al (1993) cited above. 
The final liposome suspension was frozen and later freeze dried. The freeze dried liposome 
was mixed with rabbit chow to achieve 750 mg/kg of rabbit chow, and fed daily for the 
length of the study. 

Example 3 

This example illustrates the effect of a liposome-encapsulated immunoglobulin 
against lipase in rats. Twelve retired breeder Sprague Dawley rats (Harlan, Wisconsin) were 
individually caged and supplied with free access to water. They were fed a rabbit chow 
which was supplemented with corn oil in order to increase the fat content to 30%. Feed 
intake was monitored for 1 week in order to determine the amount of feed needed to maintain 
initial body weight. The rats were divided into two groups; one group was fed the high fat 
diet and the other group was fed the same diet with freeze dried liposomes containing the 
anti-lipase antibody of Example 1. The treated diet contained 750 mg of liposome- 
encapsulated antibody/kg of diet. The results after one week of treatment were as follows: 
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* average of 6 rats, gr=grams 



Example 4 

Since it was observed that rats gained weight in Example 3, the same rats were used in 
a weight loss study where feed was restricted. The results were as follows: 
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Example 5 

This study demonstrates the effect of a liposome-encapsulated immunoglobulin 
against lipase fed to rats with an approximate maintenance level of feed intake. The results 
were as follows: 
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The antibody group gained much less weight than the control group while eating 
slightly more food. 

It will be apparent to those skilled in the art that a number of modifications and 
variations may be made without departing from the scope of the present invention as set forth 
5 in the appended claims. 
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